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(57) Abstract 

A surge or transient protection circuit is described which operates in an immediate fail-safe mode of failure. If an incom- 
ing transient exceeds the transient absorption capacity of the circuit, precision fast-blow fuses are immediately opened to remove 
current from the load to prevent damage to the equipment connected to the transient suppression circuit and to indicate to the us- 
er that the transient suppression abilities of this circuit have been damaged. The transient suppression circuit uses silicon tran- 
sient voltage suppressor components to absorb the fast-rising edge of transients and also uses slower-acting MOV transient ab- 
sorption devices for the bulk of the overvoltage transient power. Upon short-circuit failure of any of the suppressor components, 
the excessive current draw produced thereby results in blowing of the fast-blow fuses. 
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WO 90/02431 PCT/US89/02015 

SURGE PROTECTION DEVICE 

Field of the Invention 
The present invention relates to power line 
protection devices and in particular to AC power line 
surge and transient protection, RFI, EMI and ESD protec- 
tion devices. 

Background of the Invention 
A wide variety of modern commercial and con- 
sumer electronics employ microchip technology which is 
10 particularly sensitive to power line transients or 
surges, RFI (radio frequency interference), EMI 
(electromagnetic interference) and ESD (electrostatic 
discharge). Such devices as computers, stereos, televi- 
sions, radios and the like can all be affected if not 
15 seriously damaged by unfiltered, unprotected or 
generally "dirty" AC power. 

Of these four general types of power line 
disturbances, power surges or transients are by far the 
most damaging. These surges are found on power lines 
20 from a wide variety of sources, such as lightning, power 
company switching, collapsing electric fields when 
electric motors are shut down, surges when electric 
motors are started, sparking between power lines, arcing 
between opening and closing relay contacts, and the 
25 like. These voltage surges of 400V or more can find 

their way into sensitive microchip technology electro- 
nics and damage or destroy circuitry. Thus, 'at a mini- 
mum, surge protection is extremely important for 
commercial or consumer electronics, and especially 

30 
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important for personal computing systems which can 
suffer data dropout and circuit failures in the presence 
of power line surges. 

A wide variety of prior art surge or transient 
5 protection and surge or transient suppression devices 

are available for removing or dampening offending power 
line surges and transients in order to protect the con-, 
sumer electronics connected thereto. May of these prior 
art transient or surge suppression devices are typically 

10 tested to specifications produced by, for example, the 

Institute of Electrical and Electronic Engineers ( IEEE ) , 
Underwriters Laboratories (UL1449 and UL1283), the 
Federal Communications Commission (FCC) or the 
Consultant Committee , International Telegraph and 

15 Telephone (CCITT). The most common among these stan- 
dards is the IEEE Standard 587 (ANSI C62 . 41-1 981 ) . The 
portion of this technical specification which applies to 
indoor applications describes transient conditions 
occurring in low voltage (less than 600V) AC pov/er cir- 

20 cuits in which the transients exceed twice the peak 

operating voltage with durations ranging from a fraction 
of a microsecond to a millisecond and originating pri- 
marily from system switching and lightening effects. 
This standard has been promulgated to evaluate the sur- 

25 vival capability of equipment connected to power cir- 
cuits as described in UL1449. In testing against this 
standard, many of the prior art surge protection devices 
combine transient suppression components with additional 
components to perform RFI and EMI filtering which may 

30 also be required to comply with FCC standards. 

To survive the impulse characteristics of IEEE 
587-1981 for indoor applications and to meet the stan- 
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dards of UL1449 (and become listed by UL), prior art 
surge protection devices are typically designed to shunt 
the offending surge current and thus limit the over- 
voltage portion of the transient to the neutral or 
5 return line, thus creating a momentary low-impedance 
path between the power line and the return path. The 
clamping device must be designed to operate above a cer- 
tain voltage threshold and must be capable of 
withstanding the current which is momentarily shunted to 
10 ground. Typical components used in prior art devices to 
clamp or limit the overvoltage portions of transients 
have been gas-filled sparJc gap surge arrestors, MOV's 
(metal oxide varistors) available from Sanken Electric, 
GE and other vendors, and silicon transient voltage 
15 suppressors such as the TVS 1 • 5KE series devices 

available from World Products Inc., the TransZorb© tran- 
sient voltage suppressor devices available from General 
Semiconductor Industries, Inc., and other vendors. 
These aforementioned shunt or clamping electronic devi- 
20 ces are designed to withstand a plurality of overvoltage 
transients and safely shunt them to ground, thus pro- 
tecting the device to which they are attached. 

A problem with the prior art surge protection 
devices is when the shunt or clamp electronic components 
25 fail during- repeated overvoltage transients. All of the 
aforementioned transient suppression devices can fail 
"open" (although they will momentarily fail "closed"), 
which in effect removes them from the circuit and leaves 
the power line and the devices' connected thereto unpro- 
30 tected from subsequent power line surges. To remedy 
this situation, prior art power line surge protection 
devices have been designed such that a monitor light or 
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LED indicator is used to indicate that the surge 
suppression devices are still operating properly. 
Should the . power line surge protection devices fail, the 
indicator light: will be extinguished, indicating to the 
5 user that the power line protection has been lost. A 
furtner problem with the prior art surge protection 
devices and their associated indicator lights is that 
the indicators are not always readily accessible or 
visible by the user. The surge protection devices are 

10 often located near a wall outlet or on the floor under a 
desk. The location of these suppressor devices inhibits 
the user or owner in identifying a failed condition on 
the surge or transient suppression device. Thus, pro- 
tection may be lost and go unnoticed for quite some 

15 time, leaving the electronic equipment which is attached 
to the failed surge protector open to damage by power 
line surges. 

To alleviate this problem, some prior art 
surge protection devices interrupt the power upon the 

20 failure of the transient suppression components. An 

example of a power line transient surge suppressor which 
interrupts power in this fashion is U. S. Patent No. 
4,587,588. The device described in this patent senses 
the failure of a transient suppression component and 

25 removes power from the load by using a thermal cutout 
which actuates within a few minutes of the failure of 
one of the surge suppression components of the device. 
However, the delay between the failure of a surge 
suppression device and the opening of the thermal cutout 

30 leaves the load vulnerable to a second and subsequent 

transient which may then damage the equipment connected 
to the transient suppression device. 
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There therefore is a need in the prior art for 
a transient or surge protection device which disconnects 
power from the load immediately upon the failure of any 
of the transient suppression components of the device. 

5 

Summary of the Invention 
To alleviate the problems of the prior art 
indicated above and to provide other advantages and 
oenef its which will be readily recognized to those 

10 skilled in the art upon reading and understanding the 

present specification, the present invention describes a 
power line protection circuit which has an immediate 
fail-safe mode of operation. If the transient 
suppression electronic components within the present 

15 invention fail, they will fail shorted long enough to 
allow the entire circuit to interrupt power from the 
electronic components and equipment attached to the pre- 
sent invention immediately upon sensing the failure. In 
such a failure mode, the user is alerted to the failure 

20 of the surge protection devices due to the fact that the 
equipment is disconnected from the power line, thus pre- 
venting any damage to the equipment due to unfiltered 
transients or surges. 

The preferred embodiment of the present inven- 

25 tion describes a three-line, four-stage surge protection 
device which also provides RFI and EMI filtering. The 
primary stage of the present invention consists of fast- 
blow finely calibrated fuses connected between the power 
line and the remaining stages of the present invention. 

30 The second stage, connected in series with the first 
stage, consists of MOV devices to provide three-line 
heavy current surge protection in either common mode or 
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differential mode. The third stage of the present 
invention is connected in series with the second stage 
and serves. the double purpose of isolating the second 
and fourth stages of the present invention and providing 
5 RFI and EMI limiting through an LC combination forming a 
filter circuit. The fourth stage of the present inven- 
tion is connected between the third stage and the 
electronic equipment which is to be protected, and con- 
sists of bidirectional silicon transient voltage 

10 suppression devices for high-speed clamping of the first 
rising edge of the incoming surge. 

In operation, the present invention will sense 
and begin to clamp the wavefront of an incoming over- 
voltage transient through the bidirectional silicon 

15 clamp devices. The heavier portion of the current found 
later in time in the transient is then clamped by the 
slower reacting yet heavier current capacity MOV clamp 
devices. While both the silicon transient voltage 
suppression devices and MOV transient suppression devi- 

20 ces are clamping an overvoltage condition, a high amount 
of instantaneous power is being shunted or diverted by 
the present invention. If this amount of power exceeds 
the capacity of any of the transient absorption com- 
ponents of the present invention, the finely calibrated 

25 fuses will open due to the increased current demand of 
the shorted MOV or shorted silicon transient voltage 
suppression (TVS) devices. The opening of one or more 
of the finely calibrated fuses will interrupt power from 
the power line and remove the electronic equipment from 

30 harm. 
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Brief Description of the Drawing 

The Figure shows the preferred embodiment of 

the present invention for a single-phase 120VAC line 

surge suppressor application. 



Detailed Description of the 
Preferred Embodiment 
In the following detailed description of the 

10 preferred embodiment, reference is made to the accom- 
panying drawing which forms a part hereof and in which 
is shown by way of illustration a specific embodiment in 
which the present invention may be practiced. This pre- 
ferred embodiment ' is described in sufficient detail to 

15 enable those sKilled in the art to practice the inven- 
tion, and it is to be understood that other embodiments 
may be utilized and that structural or electrical 
changes may be made without departing from the spirit 
and scope of the present invention. The following 

20 detailed description is, therefore, not to be taken in a 
limiting sense, and the scope of the present invention 
is defined by the appended claims. 

The preferred embodiment of the present inven- 
tion is designed to be connected between an AC power 

25 line supplying, for example, 120-volt, 60-cycle current 
in the North American Standard, and a load which 
requires surge or transient protection, such as computer 
equipment. The line connection is shown to the left of 
the Figure, with the load connection shown to the right. 

30 The line connection designated H refers to the hot side 
of a 120V single-phase circuit, while the N stands for 
the neutral or return current path. The line connector 
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designated G is for the earth or ground connection. 
Stage 1 of the surge protector circuit is comprised of 
fuses Fl, F2 and capacitor CI. Capacitor CI is used for 
the reduction of common mode noise between the hot and 
neutral lines and serves to slow the fast rise of an 
incoming transient. Capacitor CI is in the preferred 
embodiment a safety rated RFI capacitor having a value 
of 0.1 microfarad. 

The fuses selected in the preferred embodiment 
of the present invention are fast-blow, high precision 
fuses rated at 12. G Amperes available from Schurter, 
Inc. of Petaluma, .California/ part No. 001.1016, the 
amperage selected based upon the requirements of the 
user. These fuses are designed to have a precise 
15 current fusing point in response to near-instantaneous 

(less than or equal to 20 milliseconds) overcurrent con- 
ditions produced by the shorting of the TVS or MOV to 
provide a serial fail-safe OPEN. The fuses are designed 
to open in the event of excess current being shunted by 
20 any of the parallel protection components of the later 
stages. The fuses are designed to be internal to the 
circuit and not replaceable by the user. External fuses 
or circuit breakers at a similar or lower rating of 
fuses Fl, F2 would be used for moderate over-current 
25 protection such as a short circuit on the load side or a 
constant overcurrent draw on the load side. Should a 
user of the present invention be allowed to replace 
fuses Fl, F2, chances are that the incorrect size and 
type of fuse may be used, making the present circuit 
30 ineffective for protecting the components connected to 
the load. Since the TVS devices fail shorted, the 
replacement fuses for Fl, F2 would blow OPEN again until 
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the shorted TVS device was replaced. For this reason, 
the fuses are contained inside a cabinet inaccessible to 
the outside and tne circuit must be repaired or replaced 
by an authorized repair service person. 
5 Stage two protection of the present invention 

consists of MOV (Metal Oxide Varistor) components Ml, M2 
and M3. Ml is connected between the hot and neutral 
lines, M2 is connected between the neutral and ground 
lines, and M3 is connected between the hot and ground 
10 lines. This provides three-line protection for tran- 
sient suppression from a transient between any two of 
the three lines. MOV devices are classified as nonli- 
near resistors or voltage dependent resistors. The MOV 
device is a sintered ceramic material between two con- 
15 ductors consisting of zinc oxide as a primary ingredient 
along with several other metal oxide additives. The 
clamping time of an MOV device is typically in the 
20-nanosecond range. The clamping voltage is selected 
by the construction of the device for a fixed amount of 
20 current. At increasing levels of current, the clamping 
voltage of an MOV increases. The MOV devices used in 
the preferred embodiment of the present invention are 
designed for diverting large amounts of current and 
carrying the brunt of force behind an incoming tran- 
2 5 sient. They are, in the preferred embodiment, part No. 
SNRA-130K20 available from World Products, Inc. of 
Sonoma, CA, and are selected to have a nominal operating 
voltage of 130 volts RMS. 

.* Stage three of the present invention shown in 
30 the Figure consists of inductors LI and L2 and capaci- 
tors C2 and C3 . The inductors and capacitors form an LC 
filter circuit to provide EMI and RFI protection while 
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isolating stage two from stage four of the Figure. The 
inductors LI, L2 also serve as delay line or isolation 
devices when the present invention is subjected to a 
transient. The inductors serve to delay the full 
5 current so the TVS devices T1-T3 clamp only a limited 
amount of current corresponding to the oncoming 
wavefront of the transient. Approximately 20 nS afte- 
the TVS devices conduct to divert current, the MOV will 
begin conducting to shunt the remainder of the transient 
10 wave. In the preferred embodiment, inductors LI and L2 
are 91-microhenry inductors formed by winding 31 turns 
of 13 AWG wire on a powdered iron core, part No. 
T157-40 available from Micro Metal of San Diego, 
California. Capacitors C2 and C3 are in the preferred 
IS embodiment 0 . 0022-microf arad. 

Stage four of the present invention shown in - 
the Figure consists of silicon transient voltage 
suppressors Tl, T2 and T3 , which in the preferred embo- 
diment are TVS (transient voltage suppression) diode 
20 devices also available from World Products, Inc. TVS 
device Tl is connected between the hot and neutral 
lines, T2 is connected between the neutral and ground 
lines, and T3 is connected between the hot and ground 
lxnes. This provides additional three-line protection 
25 for transient suppression for a transient between any 
two of the three lines. 

The silicon transient suppressors such as the 
TVS type are characterized by their sharp avalanche 
characteristics, high surge handling capabilites and 
30 sub-nanosecond response time to transients. These types 
of transient suppression devices can handle the leading 
edge of a fast-rising surge to clamp the front of that 
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surge to a ground or return path. Devices T1-T3, 
however, cannot divert as high a current capacity as 
that of MOV devices M1-M3 (which are slower reacting but 
can divert higher currents without destruction). In the 
5 preferred embodiment of the present invention, the tran- 
sient voltage suppression devices T1-T3 are 200-volt 
breakdown devices, while the MOV devices are 130-volt 
RMS breakdown. Devices T1-T3 in the preferred embodi- 
ment are part No. 1.5KE200CA available from World 

10 Products, Inc. and other second-source vendors. The 
output of stage four is connected to the load device 
which requires surge protection. 

In operation, an incoming transient between 
any two of the three lines on the LINE side of the 

15 Figure enters the circuit through fuses Fl or F2 or 

both. The leading edge of a fast-rising transient will 
be damped somewhat by the absorbing capacity of capaci- 
tor CI. Very fast pulse edges may pass beyond capacitor 
CI and are attenuated and delayed by inductors LI or L2 

20 or both. Some of these very fast pulse edges, however, 
may pass inductors LI or L2 due to parasitic stray capa- 
citances and tind their way to stage four of the cir- 
cuit. In this stage, silicon transient voltage 
suppressor devices T1-T3 react in a sub-nanosecond time 

25 to absorb the leading edges of any transients. Thus, 
transient voltage suppression devices T1-T3 are the 
first clamp or shunt devices to conduct the leading 
wavefront of the transient. 

Silicon transient voltage suppression devices 

30 T1-T3 cannot in all cases divert all the power of an 

incoming transient. Shortly after the clamp devices of 
stage four begin conducting (typically 20 nS ) , the MOV 
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devices of stage two will begin conducting to clamp the 
majority of the incoming current of the overvoltage 
transient.. If, however, the voltage transient contains 
sufficient power to exceed the capacities of the shunt 
or clamp devices of either stage two or four, the MOV or 
TVS devices will fail in a shorted condition which in 
turn will cause an instantaneous or near-instantaneous 
current rise through the fuses of stage one. If the 
current exceeds the rated value of fuses PI or F2, one 
or the other of the fuses will open, quickly 
interrupting power to the load. In this fashion, the 
load is protected from transients which have the capa- 
city to exceed the transient absorption capacity of the 
surge protection circuit of the Figure shown. Since the 
15 fuses Fl # F2 interrupt power immediately upon failure of 
any of the MOV or TVS devices, second or subsequent 
transients following closely behind the first transient 
will not pass to the equipment connected to the LOAD 
side of the present invention. 
20 Those skilled in the art will readily 

recognize that the capacitive elements are 
interchangeable in their position and the order is not 
intended to be limiting. The selection of the com- 
ponents of the preferred embodiment is intended to 
25 construct a device which conforms to the UL1449 standard 
and is rated for 15 A max (or other current ratings) at 
50-400 Hz. steady state current. 

While the present invention has been described 
in connection with the preferred embodiment thereof, it 
will be understood that many modifications, such as the 
use of circuit breakers, manual ON/OFF switches, power 
indicators, failure indicators and the like, will be 
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readily apparent to those of ordinary skill in the art, 
and this application is intended to cover any adap- 
tations or variations chereof* Therefore, it is mani- 
festly intended that this invention be limited only by 
5 the claims and the equivalents thereof. 
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WHAT IS CLAIMED IS: 



1. A multi-stage fail-safe protection circuit adapted 

for transient protection, comprising; 

a first stage connected to receive power from an 
AC supply line and including a fast-blow, fusible link 
operable when opened by excessive current draw to interrupt 
sard power from passing through said first stage; 

a second stage connected to receive said oower 
from S aid first stage including transient suppression means 
Jlne^ PPreSSing ° VerVOltage Editions on said AC supply 

a third stage connected to receive said power from 
sard second stage including an inductor connected for 
delaying a fast-moving transient; 

a fourth stage connected to receive said power 
from said third stage including at least one semiconductor 
transient suppressor for further suppressing overvoltage 
condrtions on said AC supply line and operable when failed 
to produce at least a portion of said excessive current 
draw; and 

load connection means connected to receive said 
power from said fourth stage including means for supplying 
surge-protected power to a load. 

2 ; The circuit according to claim 1 wherein said 

fxrst transient suppression means includes at least one 
MOV (Metal oxide Varistor) component or at least one 
semiconductor transient suppression component and wherein 
sard component produces at least a potion of said excessive 
current draw. ive 
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3* The circuit according to claim 1 wherein said 

third stage further includes capacitors connected to said 
inductor to provide an LC resonant circuit for RFI and EMI 
noise suppression. 



4. The circuit according to claim 1 wherein said 

stages provide three-line protection between said AC line 
and said load. 



5- The circuit according to claim 1 wherein said 

fast-blow fusible link is a permanent fuse. 
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AMENDED CLAIMS 

[received by the International Bureau 
on 3 November 1989 (03.11.89) 
iginal claims 3-5 cancelled; claims 1 and 2 
amended (2 pages) ] 



1. A fail-safe voltage surge protection circuit for transient 
protection of AC lines, comprising: 

input means having a hot line, a neutral line and a 
ground line for receiving power from an AC supply line; 

output means having a hot line, a neutral line and a 
ground line for supplying said power to a load; 

a first MOV connected between the hot line and neutral 
line of said input means, a second MOV connected between the 
neutral line and the ground line of said input means and a third 
MOV connected between the hot line and the ground line of the 
input means ; 

a first silicon transient suppressor connected between 
the hot line and neutral line of said output means, a second 
silicon transient suppressor connected between the neutral line 
and the ground line of said output means and a third silicon 
transient suppressor connected between the hot line and the 
ground line of the output means; 

a first inductor connected between the hot line of 
said input means and the hot line of said output means, and a 
second inductor connected between the neutral line of said input 
means and the neutral line of said output means; f irst fuse 

means having a response time of less than 20 milliseconds at a 
precise current level connected in series in said hot line of 
said input means for fail-safe removal of said power from said 
load if any of said first MOV, third MOV, first silicon transient 
suppressor or third silicon transient suppressor fail shorted; 

second fuse means having a response time of less than 
20 milliseconds at a precise current level connected in series in 
said neutral line of said input means for fail-safe removal of 
said power from said load if any of said first MOV , second MOV, 
first silicon transient suppressor or second silicon transient' 
suppressor fail shorted; and 
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said ground line of said input means connected to said 
ground line of said output means. 



2 . A fail-safe voltage surge protection circuit for transient 
protection of AC lines, comprising: 

input means having a hot line, a neutral line and a 
ground line for receiving ^power from an AC supply line; 

ourput means having a hot line, a neutral line and a 
ground line for supplying said power to a load; 

a first MOV connected between the hot line and neutral 
line of said input means, a second MOV connected between the 
neutral line and the ground line of said input means and a third 
MOV connected between the hot line and the ground line of the 
input means; 

a first silicon transient suppressor connected between 
the hot line and neutral line of said output means, a second 
silicon transient suppressor connected between the neutral line 
and the ground line of said output means and a third silicon 
transient suppressor connected between the hot line and the 
ground line of the output means; 

a first inductor connected between the hot line of 
said input means and the hot line of said output means, and a 
second inductor connected between the neutral line of said input 
means and the neutral line of said output means; 

fuse means having a response time of less than 20 
milliseconds at a precise current level connected in series in 
said hot line of said input means for fail-safe removal of said 
power from said load if any of said first MOV, third MOV, first 
silicon transient suppressor or third silicon transient 
suppressor fail shorted; and 

said ground line of said input means connected to said 
ground line of said output means . 
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